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Donald G. Pittwood, Rochester, Minn., assignor to In-

ternational Business Machines Corporation, New Yerk,

N.Y., a corporation of New York

Filed Dec. 30, 1958, Ser. No. 783,942
8 Claims. (CL 77—4)

This invention relates to apparatus for providing auto-
matic tool changing for boring and like machines and,
more particularly, to apparatus for cradling machine tools
which facilitates the automatic coupling and uncoupling
of the machine tools with respect to the spindle of the
machine adapted to utilize the tools.

The present invention is an improvement to provide
automatic tool changing for machines equipped with a
movable spindle for the tools and, preferably, but not
essentially, with a numericaj table positioning mechanism.
The tools for the machine are normally contained in-tool
cradling apparatus which may be positioned remote of
the machine, carried. by the table of the machine, or
carried by a fixture plate for holding the workpiece to
the machine table. In any event, when a tool is to be
initially inserted into the machine spindle or to be removed
therefrom to permit another tool to be inserted in its
place, the vertical axis of the apparatus for cradling the
tool is aligned with the wvertical axis of the machine
spindle. After the tool cradling apparatus is aligned
with the machine spindle in the instance of receiving a
tool, the spindle, while rotating, is lowered by the feed
mechanism to embrace the tool. The tool is fitted with
elements adapted to cooperate with the apparatus for
cradling the tool so that the tool couples with the rotat-
ing machine spindle. As the tool couples with the
machine spindle, the tool cradling apparatus together with
the elements embracing the tool function to force the
spindle upward in opposition to the downward force of
the feed mechanism. This upward movement of the
machine spindle is caused to actuate mechanism for sig-
naling the machine that the tool has been loaded or
inserted into the machine spindle. Upon receiving a sig-
nal that the tool has been inserted into the spindle, the
feed mechanism is operated to retract the spindle. The
workpiece may then be brought into position with respect
to the machine spindle which is lowered so that the tool
therein may perform an operation.

After the particular tool in the machine spindle per-
forms its operation or operations, it will be removed from
the machine spindle and another tool will be inserted in
its place. To remove a tool from the machine spindle,
the vertical axis of the empty tool cradling apparatus is
aligned with the vertical axis of the machine spindle. The
machine spindle, while rotating, is then lowered by the
feed mechanism to bring the tool into the tool cradling
apparatus. The elements fitted to the tool engage the
tool cradling apparatus and, by combined cooperative
effort, the tool is caused to uncouple from the spindle.
As the tool uncouples from the spindle, the same is
forced upward in opposition to the downward force of
the feed mechanism. This upward movement of the
machine spindle actuates apparatus for signaling the
machine that the tool has been uncoupled from the
machine spindle. The feed mechanism is operable to
retract the spindle in response to receiving a signal indi-
cating that the tool has been uncoupled from the machine
spindle. With the tool removed from the machine spindle
and the machine spindle retracted, the tool cradling appa-
ratus of another tool may be positioned in alignment with
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the machine spindle to enable the other tool to be inserted
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In this manner, tools may be automatically irserted
into and removed from the machine spindle to enable
the machine to perform continuous operations to com-
plete the entire machining of a workpiece.

It is thus seen that cooperation of the tool with the
apparatus for cradling the tool permiis the automatic
coupling and uncoupling of the machine tool from the
machine spindle. Hence, by this arrangement, it is not
necessary to provide wrench mechanisms in addition to
the tool cradle to couple and uncouple the tools from
the machine spindle. Further, the wrench mechanisms
usually involved for this purpose consist of moving ele-
ments which are somewhat complex in nature and expen-
sive to: manufacture.” The use of the tool cradle to facil-
itate the automatic coupling and uncoupling of the tools
with respect to the machine spindle not only obviates
the need for additional wrenching mechanisms, but the
tool cradle does not itself contain relatively moving ele-
ments as  found in wrenching mechanisms. - Further, it
is seen that, during the coupling and uncoupling of the

. machine tools, the spindle is caused to move upward in

opposition to the downward force of the feed mechanism;
and this movement of the machine spindle actuates mech-
anism for indicating to the machine when the coupling
and uncoupling of the machine tcol has been completed.

Accordingly, it is a prime object of the invention to
provide an improved apparatus for automatic coupling
and uncoupling of machine tools from a machine spindle.

A very important object of the present invention is to
provide a device for automatically coupling and uncou-
pling machine tools with respect to a machine spindle
which utilizes the tool cradle for facilitating the auto-
matic coupling and uncoupling of the tools.

Another important object of the invention is to provide
a device for automatically coupling and uncoupling
machine tools with respect to a machine spindle which
utilizes the translation of the machine spindle to determine
when the coupling and. uncoupling operation has been
completed.

Another object of the invention is to provide a device
for automatically coupling and uncoupling machine tools
with respect to a machine spindle which is simple in con-
struction and inexpensive to manufacture.

Stil]l another object of this invention is to provide a
device for automatically coupling and uncoupling machine
tools with respect to a machine spindle which, in of
itself, does not require relative moving parts.

Other objects of the invention will be pointed out in
the following description and claims and illustrated in the
accompanying drawings, which disclose, by way of exam-
ples, the principle of the invention and the best mode,
which has been contemplated, of applying that principle.

In the drawings: :

FIG. 1 is a side elevational view showing the machine
spindle in its normal retracted position, the switching
mechanism in a corresponding position, and the tool in
the tool cradle which is aligned with the machine spindle;

FIG. 2 is a side elevational view showing the spindle
while rotating in a clockwise or forward direction having
just embraced the tool in the tool holder;

FIG. 3 is a side elevational view showing the spindle
still rotating in the clockwise or forward direction and
coupled with the tool, the studs projecting from the ring
embracing the tool are traveling up the inclined surfaces
of the teeth in the tool cradle thereby forcing the spindle
upward;

FIG. 4 is a side elevational view showing the spindle

0 rotating in a counterclockwise or reverse direction with

the tool seated in the tool cradle so that the studs are
urged against the vertical surfaces of the teeth in the
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tool cradle, whereby the spindle is forced upward as it
uncouples from the tool;

FIG. 5 is a perspective view of the tool and tool
cradle;

FIG. 6 is a circuit diagram of the control elemeant;
and,

FIG. 7 is a timing diagram for the control elements
and spindle movement.

Referring to the drawings, the invention is illustrated

by way of example in FIG. 1 with a tool cradle 18 fixed
to a table 26 of a machine at a discrete coordinate posi-
tion on the table 20. The table 20 of the machine may
be of the type disclosed and described in the patent ap-
plication of M. Morgan, Serial No. 705,701, filed De-
_cember 27, 1957. While the tool cradle 10 is fixed to
the table 20 at a discrete coordinate position, the table
2¢ itself is movable in coordinate directions relative to
a machine spindle 38 which may be located at a fixed co-
ordinate position. In this manner, it is possible to
position the table 20 so as to bring the vertical axis of
the tool cradle 1§ in alignment with the vertical axis of
the machine spindle 30. The referenced patent appli-
cation describes a system for automatically positioning
the machine table 28 to any selected coordinate position
relative to the machine spindle 30. Since the machine
table 20 is selectively positionable to any coordinate posi-
tion relative to the machine spindle 30, the tool cradle
10 or cradles, depending upon the number of tools 12
involved, may be fixed directly to the machine table 20
at a predetermined coordinate position. In some in-
stances, it may be desirable to mount the tool cradle 10
or cradles at discrete coordinate positions directly upon
a fixture plate, not shown, for holding the workpiece.
The fixture plate itself then would be mounted upon the
machine table 20 at discrete coordinate positions. Hence,
the fixture plate could contain as many tool cradles 10
as there are tools I2 to complete the entire machining
of the workpiece to be machined. It also could be quite
possible that the tool cradles 18 would be contained on
a movable member, auxiliary to the machine table 29,
which also would be positionable to discrete coordinate
positions relative to the machine spindie so as to permit
the simultaneous positioning of the workpiece and tool
cradle in alignment with the machine spindle. In this
manner, the tool in the tool cradle could be coupled with
the machine spindie and be in readiness to perform an
operation while the workpiece is coming into position to
permit an operation to be performed. ' The principles of
the invention are the same for any of the arrangements
just mentioned.

The tool cradle 1¢ may consist of a cylindrical body
member 11 which is hollow or tubular to receive and
support tool 12. The cylindrical body member 11 is
mounted in a vertical position with one end fixed to the
machine table 20, fixture plate, or auxiliary table, what-
ever the case may be, and the other or free end projecting
upwardly therefrom. The height of the cylindrical mem-
ber I1 is not critical but must be sufficient to accom-
modate the tool 12 which it supports or cradles. The
free end of the cylindrical member 11 is provided, in this
example, with three equally spaced teeth 13. Each tooth
13 has an inclined portion 14 or surface and a vertical
portion 15 or surface, The inclined portion 14 of one
tooth 13 slopes downwardly to terminate at the base of
the vertical portion 15 of an adjacent tooth 13. The
degree of slope of the inclined portion 14, as will be
seen shortly, while a matter of choice, can be quite criti-
cal. The height of the vertical portion 15, of course, is
determined more or less by the slope of the inclined
portion 14 and the diameter of the cylindrical member 11.

The tool 12 to be cradled or supported by the cylin-
drical member 11 is shown as any ordinary machine tool
having a tapered shank -portion 16 - provided with a
threaded portion 17 at the end of the shank 16. The
threaded portion 17 of the tool 12 is adapted to threaded-

10

20

25

30

35

40

45

60

70

75

4

ly engage internal threads 31 of the machine spindle 30
which also has a complementing tapered portion 32
adapted to embrace the tapered shank 16 of the tool 12.

The tool 12 has a central body portion 18 fitted with
or embraced by a ring member 19, The ring member
19 is provided with three equally spaced radial out-
wardly projecting pins or studs 21, The ring 19 embrac-
ing the tool 12 is adapted to reside within the cylindrical
member 11 of the tool cradle 10, and the length of the
radially projecting studs 21 is such so as to extend across
or span the wall of the cylindrical member 11, With
the tcol 12 in the tool cradle 10, the studs 21 project
from the ring member 19 so as to engage the inclined
portion 14 of one tooth 13 and the vertical portion 15
of an adjacent tooth 13. Therefore, the extent that the
cutting portion of the tool 12 extends into the cylindrical
body member 11 depends upon the location of the ring
member 19 embracing the centra] body portion 18 of the
tool 12.

The studs 21 projecting from the ring member 19 co-
operate with the teeth 13 of the cylindrical body member
11 to enable coupling and uncoupling torques to de-
velop between the machine spindle 30 and the shank 16
of the tool 12.

The slope of the inclined portions 14 of the teeth 13
determines the coupling torque developed. If the slope
is shallow, a lesser torque is developed and a greater
diameter cylindrical body member would be required
than if the slope were steep. The inclined portions 14 of
the teeth 13 function to retard rotation of the tool 12 as
the rotating spindle 30 is brought over the shank 16 of
the tool 12 to thread thereon. The tool 12 threads into
the spindle 39 until there is sufficient torque developed to
start the tool 12 rotating, whereby the studs 21 follow
along the inclined portions 14 of the teeth 13 of the cy-
lindrical body member 11, As the studs 21 travel up
the slope of the inclined portions 14, the machine spindle
30 is forced upward in opposition to the force which
feeds the spindle 30 downward onto the tool 12. The
machine spindle 30 is fed in a vertical direction toward
and away from the machine table 2¢ by means of an air
cylinder, not shown, in a well-known manner.

The upward movement of the spindle 30, as the studs
21 travel up the slope of the inclined portions 14, is
detected to signal the controls of the machine that the
machine that the tool 12 has been coupled with the
spindle 30. A slideable cylinder member 40 embracing
the spindle 30 is adapted to be moved thereby in a verti-
cal direction but not rotated by the spindle 30. The
cylinder member 40 is journaled, in a well-known man-
ner, on the spindle 30 to be carried thereby between two
collar members 35 fixed to the spindle 30. Hence, as
the spindle 30 is moved up and down, the cylinder mem-
ber 46 will be moved along with it but will not be rotated
as the spindle 30 rotates.

The cylinder member 40 is provided with a rack 41
which is adapted to mesh with a pinion gear 42 fixed to
a shaft 43 journaled in a housing 44 through which the
spindle 39 and cylinder member 40 also extend, as
shown in FIG. 1. A portion of the shaft 43 extends
beyond the housing 44 to carry an actuating arm 45
frictionally mounted thereon. The actuating arm is con-
fined between and adapted to operate spaced contact
switches 46 and 47. Hence, as the spindle 38 is moved
up and down, the actuating arm 45 is rotated by the
shaft 43 through the pinion 42 and rack 41 arrange-
ment. As the arm 45 rotates, it actuates the switches
46 and 47. Since the spindle movement is relatively
greater compared to the allowed movement of the ac-
tuating arm 45, the same is frictionally mounted on the
shaft 43 to permit continued rotation of the shaft 43.
In this manner, as the spindle 3¢ moves up or down,
the actuating arm engages one of the switches 46 or
47, depending upon the direction of movement, and
remains in engagement therewith until the spindle 30 is.
moved in the opposite direction.
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The two switches 46 and 47 are provided so as to
easily permit detection when the tool 12 has been cou-
pled with or uncoupled frcm the machine spindle 39.
When the tool 12 is being coupled with or received
by the spindle 39, the spindls: 39 is extended down-
ward to embrace the shank 16 of the tool 12 and the
actuating arm 435 is in engagement with the switch
46, as shown in FIG. 2. As the studs 21 travel up the
inclined portions 14 of the teeth 13, the spindle 39 is
forced upward. The upward movement of the spindle
30 causes the actuating arm 45 to rotate away from the
switch 46 and toward the switch 47,

When the tool 12 is to be uncoupled from the ma-
chine spindle 39, the spindle 39 is lowered while rotating
to bring the studs 21 projecting from the ring member
19 embracing the tool 12 into engagement with the
vertical portions 15 of teeth 13. Hence, while the spin-
dle 39 continues to rotate, the tool 12 is prevented from
rotating because the studs Z1 are in engagement with

the vertical portions 15 of the teeth 13.. As the spindle.

30 continues to rotate while the tool 12 remains sta-
tionary, the spindle 30 unthreads from the tool 12,  The
spindle 39 is forced upward in opposition to the down-
ward feed pressure of the feeding mechanism during
the unthreading of the tool 12 from the spindle 30.. The
upward movement of the spindle 30 causes the actuating
arm 45 to rotate away from the switch 46 and toward
the switch 47.

Since the invention enables tools 12 to be automatical-
ly inserted into and removed from the machine spindle
30, the controls for actuating the spindle 36 up and
down and for selectively rotating it in clockwise and
counterclockwise directions may be automatic, as well
as having automatic controls for positioning the machine
table 28 relative to the spindle 39. In this example, the
coupling of the tools 12 with the spindle 3¢ is initiated
by means of a manually operated switch MS1, while
the uncoupling of the tools 12 is initiated by means of
a manually operated switch MS2. The manually op-
erated switch MS1 is connected, as shown in FIG. 6, to
control the energization of a relay R4, When the switch
MS1 is closed, the relay R4 becomes energized and
remains energized so long as the switch MS1 is closed.
Similarly, the manually operated switch MS2 is con-
nected, as shown in FIG. 6, to control the energization
of a relay R5. The relay R5 becomes and remains en-
ergized for the period of time that the switch MS2 is
closed.

The relays R4 and R5 are adapted to partially control
a solenoid 81 which controls the spindle feeding mecha-
nism for moving the spindle 38 downwards towards the
machine table 26. Additional control over the solenoid
S1 is provided so that the spindle 39 will not be moved
downward unless the machine table ‘28 has been posi-
tioned to bring the vertical axis of the tool cradle 18
in alignment with the vertical axis of the machine spindle
30. When the tool cradle 18 on the machine table 29
is properly aligned with the machine spindle 30, a con-
tact TC is closed.  The contact TC is connected in series
with the solenoid S and normally closed contacts R2a
and R3a of relays RZ and R3, respectively. The nor-
mally closed contact RZa is connected to parallelly
connected normally open contacts R4h and R5a of re-
lays R4 and RS, respectively. Hence, when the contact
TC is closed and both of the normally closed contacts
R2a and R34 are closed, the solenoid S will be energized
upon either of the relays R4 or RS becoming energized.

Once the solenoid S1 is energized, it remains energized
unless either of the relays R4 or RS become de-energized,
the contacts R2a4 or R3a open, or the contact TC opens.
Since, during a coupling or uncoupling operation, the
relays R4 or RS remain energized for the entire opera-
tion, as seen in FIG. 7, and, further, during a coupling
or uncoupling operation, the table is not moved and,
therefore, the contact TC remains closed, the energiza-

10

. 49 engages the contact C1 to close the same.

: 6
tion of either relay R2 or R3 will cause the solenoid S1
to become de-energized.

The relay R2 is connected in series with a normally -
open contact R4a of the relay R4 which is connected in
series with a normally closed contact C2 of the. switch
46. The contact C2 of the switch 46 is connected in
series with a normally open contact Ci of a switch
43 which is fixed to the housing 44 and is -adapted
to be operated by an arm 49 carried by the upper collar
member 35. With the spindle 30 retracted, as shown
in FIG. 1, the arm 49 is out of engagement with the
contact C1 of the switch 48. As the spindle moves
downward under control of the solenoid S1; the arm
The
contact C1 remains closed by the arm 49 until the spin-
dle is again retracted to the position shown in FIG. 1.

The contact C2 of the switch 46 is a normally closed
contact. 'When the actuating arm 45 operates the switch

. 46, as shown in FIG. 2, the normally closed contact
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C2 is opened; however, when the actvating arm 45 is
not in engagement with the switch 46, FIGS. 1 and 3,
the contact C2 is closed. With the contact C2 closed
and the relay R4 energized, the relay R2 becomes en-
ergized and remains energized until -either the relay
R4 becomes de-energized, the contact C2 opens, or the
contact C1 opens. :

The relay R2 is utilized to control the energization
of a solenoid S2. The solenoid S2 controls the spindle
feeding mechanism for retracting or feeding the spindle
30 upward. Once the tool 12 has been coupled with or
uncoupled from the spindle 30, the sams may be re-
tracted or moved upward. - Hence, the relay R2 has a
normally open contact R2b connected in series with a
normally open contact Rla of the relay R1 which is en-
ergized. when the contact Cl is closed.  The normally
open contact Rla is connected in series with the solenoid
S2. Hence, by this arrangement, when the relay R2
becomes energized upon closing of the contact C1, the
contact C2, and the contact Rda, the contact R2a opens
and the solenoid S1 becomes de-energized, whereby the
downward feeding of the spindle 3¢ ceases. ' The comn-
tact C1 closes and, as a maiter of fact, is-already closed
by action of the arm 49. The contact C2 closes when
the actuating arm 45 disengages from the switch 46.
This action takes place as the spindle 30 is forced up-
ward in opposition to the downward feeding of the spin-
dle 30 under control of the solenoid S1. The upward
movement of the spindle 39, as shown in FIG. 7, 'due
to the studs 21 climbing the inclined portions 14 of the
teeth 13, causes the actuating arm 45 to disengage from
the switch 46. While the energization of the relay R2,
in effect, causes the downward feeding of the spindle
306 to cease, it continues the upward movement of the
spindle 30; this movement already having been started,
in opposition to the downward feeding of the spindle, by
action of the studs 21 climbing the inclined surfaces 14.

As the spindle 30 continues upward, the actuating arm
45 engages the switch 47 to close a normally open con-
tact C3 which is connected in series with the contact C1
and the relay R3, as shown in FIG. 6. The relay R3
is also utilized to control the energization of the solenoid
S2. A normally open contact R35 is connected in series
with the normally open contact Ria and in parallel with
the normally open contact R2b. - Hence, either of the
relays R2 or R3 may control the energization of the
solenoid 82. Further, since the normally closed contact
R3q is in series with the normally closed contact R2g,
then, if either relay R2 or R3 is energized, the solenoid
S1 becomes de-energized.

During a coupling or uncoupling operation, the switch-
es 46 and 47 are operated; however, during a cou-
pling operation, the switch 46 is the controlling switch
while, during an uncoupling operation, the switch 47 is
the controlling switch. This may be verified by refer-
ence to FIGS. 6 and 7. During a coupling operation, the
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switch MS1 is closed and the switch MS2 is open. There-
fore, the relay R4 is energized and the relay R5 is de-
energized. With the relay R4 energized and the contact
TC closed, assuming the spindle is in its retracted posi-
tion shown in FIG. 1, the solenoid S1 will be energized
to cause the downward feeding of the spindle 36. As
the spindle 3¢ moves downward, the contact C3 opens,
the contact C2 opens, and the contact Ci closes, in the

order mentioned. As the contact C1 closes, the relay R1:

is energized to close the contact R1a. However, even
with the contact R1 closed, the solenoid S2 will not be
energized because the contacts R2b and R3b are open.
The solenoid S1 remains energized to cause continued
downward feeding of the spindle 30. Continued down-
ward feeding of the rotating spindle 38 causes the same
to couple with the tool 12 in the tool cradle 10. When
the tool 12 couples with spindle 3@, the same-is forced
upward in opposition to the downward feeding of the
spindle 30. This upward movement -of the spindle 30
causes the actuating arm 45 to first close the contact C2
and then close the contact C3. Since the contact C2
closes first, the contact C1 already having been closed,
the relay R2 is energized to cause the energization of the
solenoid S2 and thus cause the upward feeding of the
spindle 30. Subsequently, the contact C3 is closed by
the -actuating arm 45 to cause the energization of the
relay R3. Although, when the relay R3 is energized,
the solenoid S1 becomes de-energized and the solenoid
S2 becomes energized, this action already has taken place
when the relay R2 was energized; and, therefore, the
switch 46 is the controlling switch during the coupling
operation.

During an uncoupling operation, the switch MS2 is
closed and the switch MS1 is open. With the switch MS2
closed, the relay RS is energized. When the relay RS
is energized and assuming that the contact TC is already
closed, the solenoid S1 will be emergized to cause the
downward feeding of the spindle 30. As the spindle 30
moves downward, the actuating arm 45 opens the con-
tact C3, opens the contact C2, and the arm 49 closes
the contact C1, in the order mentioned. Under these
conditions, the solenoid S1 remains energized and the
solenoid S2 remains de-energized. As the tool uncou-
ples from the spindle 30, the spindle 30 is forced up-
ward by the unthreading action and the actuating arm
45 first closes the contact C2 and then closes the con-
tact C3. When the contact C2 closes, the relay R2 will
not be energized because the contact Rda is open since
the relay R4 is not energized. Hence, the solenoid S1
remains energized for a little longer period than it does
during a coupling operation. When the tool 12 is com-
pletely unthreaded from the spindle 30, the actuating
arm 45 closes the contact C3. As the contact C3 closes,
the relay R3 becomes energized. With the relay R3
energized, the contact R3a opens and the solenoid S1 be-
comes de-energized, and the contact R3b closes and the
solenoid S2 becomes energized to cause the upward feed-
ing of the spindle 30. Hence, the switch 47 is the con-
trolling switch during the uncoupling operation. The rea-
son for having the switch 47 as the controlling switch
during the uncoupling operation is to provide sufficient
delay of the emergization of the solenoid 52 to insure
that the tool 12 is completely unthreaded from the spindle
30 before the spindle 39 is retracted or fed upward.

In order to insure that the spindle is rotating in the
proper direction during a coupling and uncoupling opera-
tion, normally open contacts R4c and RSb of relays R4
and R5 are connected to a motor control unit MC for
controlling the feeding of the spindle 38, as shown in
FIG. 6. Since the spindle 38 is to be rotating in a clock-
wise or forward direction during a coupling operation, the
normally ‘open contact Réc is connected to the Forward
terminal of the motor control unit MC. Similarly, the
spindle 39 is to rotate in a counterclockwise or reverse
direction during an uncoupling operation; and, therefore,
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the normally open contact R5b is connected to the Re-
verse terminal of the motor control unit MC.

Machine Operation

In order to couple one of the tools 12 with the machine
spindle 3@, the table 28 is positioned, as indicated in the
referenced application, supra, to bring the vertical axis of
the tool cradle 10 in alignment with the vertical axis. of
the spindle 30, as shown in FIG, 1. With the table 20
having been properly positioned, the switch MS1 is closed.
Upon closing the switch MS1, the relay R4 is energized
and thereby energizing the solenoid S1 and causing the
spindle 30 to rotate in a clockwise or forward direction.
The energizing of the solenoid S1 causes the downward
feeding of the rotating spindle so that the contact C3
opens, the contact C2 opens, and the contact C1 closes,
in the particular order mentioned. Additionally, the ro-
tating spindle 30 embraces the shank 16 of the tool 12
and, under continued downward feeding, the threads of
the spindle thread onto the threads 17 of the tool 12.
When sufficient torque is developed between the threads
of the spindle 30 and those of the tool 12, the studs 21
are caused to move upward along the inclined surfaces
14 of the teeth 13, This causes the spindle 30 to move
upward in opposition to the downward feeding of the
spindle by action of the solenoid S1. This upward move-
ment of the spindle is seen in the diagram of FIG. 7. As
the spindle moves upward, the actuating arm 45 is caused
to disengage from the switch 46 thereby closing the con-
tact C2. With the contact C2 closed, the relay R2 be-
comes energized, the relay R4 already having been ener-
gized to close the contact R4a and the contact C1 having
been closed by the arm 49. As the relay R2 becomes
energized, the contact R2a opens to de-energize the sole-
noid S1 and the contact R2b closes to energize the sole-
nqid S2. The energization of the solenoid S2 causes the
spmd}e to retract or be fed upward until the arm 49
permits the contact C1 to open, whereby the relay R1
becomes de-energized and the contact R1a opens to de-
ene}”gize the solenoid S2. The spindle 30 is now in the
position shown in FIG. 1, however, with the tool 12 in
the spindle 30.

With the tool 12 having been coupled with the spindle
30, 'the switch MS1 is opened and the table 20 may be
po§1tioned to bring the workpiece in alignment with the
spindle 30, which may then be lowered so that the tool
12 may perform an operation on the workpiece.

. After the tool 12 performs its operation and it is de-
S}red to remove the tool 12 from the spindle 38, the ver-
tical axis of the empty tool cradle 10 is aligned with the
vertical axis of the spindle 30. The switch MS2 is then
closed to cause the solenoid S1 to become energized by
tl}e closing of the contact RS« of relay RS, it being ener-
gized with the closing of switch MS2, and the spindle 30
to rotate in the counterclockwise or reverse direction.
With the solenoid S1 energized, the spindle 30 lowers,
while rotating in the reverse direction, to bring the tool
12 into the tool cradle 18. The contacts C3 and C2 are
caused to open and the contact Ci closes, in the order
mentioned. The studs 21 engage the vertical portions 15
of the teeth 13, whereby the tool 12 is prevented from
further rotation while the spindle 30 continues to rotate,
As the spindle 3¢ continues to rotate, the threads thereof
unthread from the threads 17 of the tool 12. This causes
the spindle 30 to move upward in opposition to the down-
ward feeding of the spindle 39 by action of the solenoid
S1. The upward movement of the spindle 38, as seen in
FIG. 7, causes the contact C2 to close; but the relay R2
does not become energized because the contact Rda is
open, the relay R4 not having been energized. With the
relay R2 de-energized, as well as the relay R3 de-ener-
gized, the solenoid S1 remains energized until the actuat-
ing arm 45 closes the contact C3. When the contact C3
closes, the relay R3 becomes energized to open the con-
tact R3q and close the contact R3b. With the contact



R3a open and the contact R3b closed, the solenoids S1
and S2 become de-energized and energized, respectively.
As the solenoid S2 becomes energized, the spindle 390
is retracted until the arm 49 opens the contact C1 of the
switch 48, because, when the contact C1 opens, the relay
R1 becomes de-energized to open the contact R1g which
then causes the solenoids S2 to become de-energized.
This completes the uncoupling operation of the tool 12
from the spindle 38. Additional coupling and uncoupling
operations would take place in a like manner.

From the foregoing, it is seen that the invention enables
the automatic coupling and uncoupling of a tool from
a machine spindle. Further, it is seen that the apparatus
for normally holding or cradling the tools is utilized to
facilitate the automatic coupling and uncoupling of the
tools from the machine spindle. Additionally, it is seen
that the cradling mechanism is simple in construction,
easy to manufacture, and does not have any relative mov-
ing parts. Also, it is seen that, during a coupling or un-
coupling operation, the spindle is caused to move upward
in opposition to the downward feeding of the spindle,
and this upward movement of the spindle is utilized to
actuate mechanism for signaling the machine that the
tool has been coupled with or uncoupled from the machine
spindle.

While there have been shown and described and pointed
out the fundamental novel features of the invention as
applied to a preferred embodiment, it will be understood
that various omissions and substitutions and changes in
the form and details of the device illustrated and in its
operation may be made by those skilled in the art, with-
out departing from the spirit of the invention. It is the
intention, therefore, to be limited only as indicated by
the scope of the following claims.

What is claimed is:

1. A device for cradling machine tools to enable the
automatic coupling and uncoupling of the tools from a
machine spindle comprising in combination ring elements
embracing said tools, stud elements projecting radially
outward from said ring elements, tool cradles selectively
positionable to be in alignment with the longitudinal
axis of said spindle having slots for engaging said stud
elements, said slots being formed to cooperate with said
stud elements to permit coupling of the tools with said
machine spindle, said machine spindle being acted upon
to develop a coupling torque, and means operable in re-
sponse to said tool becoming coupled with said spindle for
detecting changes in the coupling torque between said
tool and spindle in order to signal that the tool is coupled
with the spindle.

2. A device for cradling machine tools to enable the
automatic coupling and uncoupling of the tools from a
machine spindle comprising in combination ring elements
embracing said tools, stud elements projecting radially
outward from said ring elements, tool cradles selectively
positionable to be in alignment with the longitudinal
axis of said spindle having slots for engaging said stud
elements to develop an uncoupling torque to uncouple
said tools from said machine spindle, and means operable
in response to said tool becoming uncoupled from said
spindle for detecting changes in the uncoupling torque
between said tool and spindle to signal that the tool is
uncoupled from the spindle.

3. In apparatus of the type described the combina-
tion comprising a table selectively positionable to. discrete
coordinate positions, ‘a plurality of tocl cradle elements
fixed to said table at discrete coordinate positions, a plu-
rality of machine tools residing in said plurality of tool
cradle elements, a2 machine spindle adapted to embracing-
ly receive said machine tools residing in said tool cradles
brought into alignment therewith, ring elements embrac-
ing said tocls, and stud elements fixed to project radially
outward from said ring elements and adapted to engage
said cradle elements to support the machine tools so as
to enable coupling and uncoupling torques to develop
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between said tools brought into ahgnment with and em-
braced by said machine spindle.

4. In an apparatus of the type described the combina-
tion comprising a spindle for receiving machine tools
positioned at a. predetermined coordinate position, said
spindle being adapted to be rotated and translated simuls
taneously; a table having discrete coordinate positions
selectively movable to bring selected coordinate positions
into alignment with said spindle; a plurality of tool cradle
elements fixed to said table at certain of said discrete
coordinate positions to cradle a plurality of ‘machine
tools, said tool cradle elements being provided with a
series of tooth elements; means for bringing said machine
spindle into coupling engagement with one of said tools
residing in one of said tool cradle elements; a plurality of
ring elements embracing said machine tools; and stud
elements projecting radially outward from said ring ele-
ments and adapted to engage said tooth elements of said
tool cradles to enable a coupling torque to develop be-
iween said tools and spindie as the same engages the
tools.

5. In an apparatus of the type described the combina-
tion comprising a spindle for receiving machine tools
positioned at a predetermined coordinate position, said
spindle being adapted to be rotated and translated simul-
taneously; a table having discrete coordinate positions
seleciively movable to bring selected coordinate positions
into alignment with said spindle; a plurality of tool cradle
elements fixed to said table at certain of said discrete
coordinate positions to cradle a plurality of machine
tools, said tool cradle elements being provided with a
series of tooth elements; a plurality of ring elements em-
bracing said machine tools, stud elements projecting ra-
dially outward from said ring elements and adapted to
engage said tooth elements of said too] cradles to enable
a coupling torque to develop between said tools and
spindle as the same engages the tools; feeding means
for bringing said spindle into coupling engagement with
said tools while the same are residing with said tool cra-
dle elements, said spindle being movable in opposition
to the action of said feeding while being coupled with
said tools; and means operable in response to movement
of said spindle in opposition to the action of said feed-
ing means to generate a signal for indicating that the
coupling action is completed.

6. In an apparatus accordmg to claim 5 further com-
prising means operable in response to movement of said
spindle in opposition to the action of said feeding means
to generate a signal for indicating that an uncoupling
action is completed.

7. Apparatus of the type described comprising a spin-
dle for receiving machine tools, said spindle being adapted
to be rotated and translated simultaneously; a plurality
of tool cradle elements selectively positionable to be in
alignment with the longitudinal axis of said spindie, each
of said tool cradle elements being provided with a series
of tooth elements; a machine tool provided with a shank
and adapted to be supported by each of said too] cradle
elements; -and stud elements projecting radially outward
from said shank and adapted to engage said tooth ele-
ments of said tool cradles to support said tool relative
to said cradles and to enable a coupling torque to 'de-
velop between said tool and spindle as the same engages
the tool while said stud elements engage the tooth ele--
ments of said tool cradles.

8. Apparatus of the type described comprising a spin-
dle for receiving machine tools, said spindle being adapted
to be rotated and translated simultaneously; a hollow
cylindrical body positionable to be in alignment with
the longitudinal axis of said spindle, said body being

- provided with at least one notch formed in one end

thereof, said notch having at least one sloping side and
one vertical side; a tool to be coupled with said spindle;
a stud element fixed to project from said tool; and means
for supporting said tool within said cylindrical body so
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that said stud element is resting within said notch where- References Cited in the file of this patent
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